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Abstract — A multilevel  inverter  is  a power  electronic  device, 
used  in  different  applications.  Changing  many  drawbacks  and 
added  to  many  advantages  to  make  different  levels  inverter 
and  also  reduced  the  switches.  This  help  to  reduce  the 
switching  stress  and  lower  total  harmonic  distortion  (THD). 
This  paper  explained  a high  level  of  cascaded  multilevel  in- 
verter with  less  number  of  switches  and  reduce  the  size.  Here 
a Twenty  five  level  converter  will  be  simulated  and  its  effect 
on  the  harmonic  spectrum  will  be  analyzed.  This  will  be  ana- 
lyzed with  the  help  of  MATLAB/SIMULINK. 

Keywords — Cascaded  Multilevel  Inverter,  High  Level, 
THD 

I.  INTRODUCTION 

Now  days  an  energy  storage  system  plays  an  important  role. 
Different  types  of  batteries,  such  as  lead-acid  or  lithium  bat- 
teries are  commonly  used.  A large  number  of  battery  cells 
need  to  be  connected  in  series  to  boost  the  voltage  level  used 
in  motor  drive  and  other  applications.  Due  to  manufacturing 
defect,  the  internal  characters  of  such  batteries  are  different 
and  therefore  the  terminal  voltage  and  state-of-charge  (SOC) 
will  be  also  different. 

An  symmetrical  or  asymmetrical  cascaded  multi-level  inver- 
ter help  to  increase  the  voltage  level  with  reduced  number  of 
switching  circuit  and  it  produces  a different  level  sinusoidal 
like  waveform  with  less  harmonics  and  also  decreases  the 
dv/dt  stresses  on  the  load.  . Due  to  increasing  energy  demand 
more  consumers  depending  on  the  renewable  energy  sources. 
The  output  of  renewable  energy  sources  is  DC.  To  drive  AC 
loads  it  convert  from  dc  to  ac.  An  inverter  help  this  changes. 
By  using  the  cascaded  multilevel  inverters  required  number 
of  output  voltage  levels  can  be  obtained  by  using  different 
number  of  dc  voltage  sources. 

In  this  project,  a twenty  five  level  cascaded  multilevel  conver- 
ter which  involves  both  battery  energy  management  and  motor 
drives.  In  the  proposed  technology,  each  battery  cell  can  be 
connected  to  a half-bridge  converter.  The  output  all  half 
bridges  are  staircase  shape  dc  voltage.  This  staircase  voltage 


converts  to  ac  by  using  H-bridge  converter.  The  outputs  of  the 
converter  are  multilevel  voltages  with  less  harmonics  which  is 
helpful  to  improve  the  performance  of  the  motor  drives. 

II.  EXISTING  SYSTEM 
2.1  Seven  Level  Multlevel  Invereter 

In  seven  level  multilevel  inverter  used  10  Switches  as  shown 
in  Figure  1 is  built  with  3 dc  sources.  The  half  bridge  uses  6 
switches  and  3 voltage  sources  have  same  magnitude.  Output 
of  this  connect  to  H-bridge.  H bridge  consist  of  4 switches.  By 
using  control  signals,  operating  these  switches  at  proper  inter- 
val time  to  obtain  7 levels  with  positive  and  negative  half 
cycles.  Table  1 represent  the  switching  sequence  of  Seven 
level  converter.  Three  voltage  sources  are  VI, V2  and  V3,  each 
source  connected  in  cascaded  with  other  sources  through  a 
circuit  consists  of  one  switch  and  one  diode.  The  output  vol- 
tage of  this  circuit  consist  of  only  in  positive  polarity  with  a 
number  of  levels.  This  positive  signal  given  to  H-bridge  circuit 
is  to  get  both  positive  and  negative  polarity.  Figure  1 shows  7 
level  multilevel  inverter  and  table  1 shows  its  switching  se- 
quence 

First  turning  ON  the  switch  SI,  S4,  S6,S7  and  S10,  and  turn 
OFF  S2,  S3,  S5,  S8,  and  S9.  The  output  voltage  +lVdc  (first 
level)  is  produced  across  the  load.  Likewise  turning  ON  the 
switches  SI,  S3,  S6,  S7  and  S10  and  turn  OFF  S2,  S4,S5,  S8 
and  S9  to  produce  voltage  +2Vdc  (second  level)  output  across 
the  load.  Again  the  process  will  continue  for  the  voltage  level 
+3Vdc  levels  can  be  accomplished  by  turning  ON  SI,  S3,  S5, 
S7  and  S10  switches  and  turn  OFF  switches  S2,S4,S6,S8,and 
S9.  In  zero  sequence  switches  S2,S4,S6,S9  and  S10  turn  ON 
and  switches  S1,S3,S5,S7  and  S8  are  turn  OFF. 
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In  -lVdc  level  switches  SI,  S4,  S6,  S8  and  S9  turned  ON  and 
switches  S2,  S3,  S5,  S7,  and  S10  are  turned  OFF.  In  -2Vdc 
switches  SI,  S3,  S6,  S8  and  S9  are  turned  ON  and  switches 

52,  S4,  S5,  S7  and  S10  are  turned  OFF.  In  -3Vdc  switches  SI, 

53,  S5,  S8  and  S9  are  turned  ON  and  switches  S2,S4,S6,S7 
and  S 10  are  turned  off. 

Add  these  level  to  obtained  the  seven  level  output.  The  switch- 
ing sequence  for  seven  level  inverter  as  shown  in  table  1.  Out- 
put wave  form  and  THD  values  as  shown  in  fig.  2 and  3. 


Table  - 1 

Switching  Sequence  for  7 Level  Invereter 
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Fig.  2.  Output  waveform  of  Seven  Level  Inverter 


THD  values  of  Seven  level  converter  is  22.73  %.  This  value 
can  be  reduced  by  increasing  the  level  of  converter 
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Fundamental  (50Hz)  = 29  02 . THD=  22  61% 
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Fig.  3.  THD  values  of  Seven  level  conv 


III.  PROPOSED  SYSTEM 

3.1  Twenty  Five  Level  Converter 

25  Levels  converter  used  12  switches,  four  cells  of  equal  or 
unequal  voltage  level  in  the  ratio  of  1:2:4: 5.  Connection  dia- 
gram as  shown  in  fig.  4.  The  three  voltages  are  arranged  in  the 
ratio  of  1:2:4: 5 and  to  obtain  the  different  votage  levels  such 
as  0 level,  positive  level  (lVdc  to  12Vdc)  and  negative  level  (- 
lVdc  to  -12  Vdc).  The  4 voltage  sources  are  controlled  by  8 
s withes  SI,  S2,  S3,  S4,  S5,  S6,  S7  and  S8.  The  output  of  this 
converter  is  positive  pulse  only,  then  it  given  to  H bridge  in- 
verter to  get  fifteen  level  output  by  triggering  the  switches  at 
required  time  intervel. 

3.2  Pulse  Generation  Circuit 

Sinewave  voltage  is  pass  through  modulating  circuit  to  obtain 
positive  peak  only,  then  it  move  to  diffemet  logical  operation 
circuit  to  obtain  the  different  level  of  pulses.  Add  these  signal 
to  get  12  level  positive  step  wave.  Then  it  combine  by  proper 
arrangement  with  signal  coming  from  relay  circuit  to  get 
pulses  A ,B,  C and  D as  shown  in  fig.  5.  This  pulses  given  to 
multi  port  switch  box  with  different  sequence  to  obtained  dif- 
ferent gate  pulses  SI,  S2,  S3,  S4,  S5,  S6,  S7,  S8,  S9,  S10,  Sll 
and  S12  as  shown  in  fig.  6. 


Fig.  4.  Twenty  Five  Level  Main  Circuit 

From  fig.  4,  first  turning  ON  the  switch  SI,  S4,  S6,  S7  and 
S10,  and  turn  OFF  S2,  S3,  S5,  S8,  and  S9.  The  output  Voltage 
is  +lVdc.  (first  level)  is  produced  across  the  load.  In  second 
level  turning  ON  the  switches  SI,  S3,  S6,  S7  and  S10  and  turn 
OFF  S2,  S4,S5,  S8  and  S9  to  produce  voltage  +2Vdc  output 
across  the  load.  Again  the  process  will  continue  for  the  voltage 
level  +3 Vdc  levels  can  be  accomplished  by  turning  ON  SI, 
S3,  S5,  S7  and  S10  switches  and  turn  OFF  switches 
S2,S4,S6,S8,and  S9.  In  fourth  level  switches  S2,  S4,  S5,  S7 
and  S10  are  ON  and  switches  SI,  S3,  S6,  S8  and  S9  are  OFF. 
In  fifth  level  switches  SI,  S4,  S5,  S7,  S10  are  ON  and  switch- 
es S2,  S3,  S6,  S8,  S9  are  OFF.  In  sixth  level  S2,  S3,  S5,  S7, 
S10  are  ON  and  SI,  S4,  S6,  S8  and  S9  switches  are  turned 
OFF.  In  sevel  (+7 Vdc)  level  switches  SSI,  S3,  S5,  S7,  S10 
turned  ON  and  S2,  S4,  S6,  S8  and  S9  are  turned  OFF.  Similar- 
ly in  8,9,  10,  11,  and  12  level  can  be  obtained  by  control  the 
switches  based  on  the  table  2.  In  zero  sequence  switches 
S2,S4,S6,S9  and  S10  turn  ON  and  switches  S1,S3,S5,S7  and 
S8  are  turn  OFF. 
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Fig.  5.  Twenty  Five  Level  Control  Circuit 

In  -lVdc  level  switches  SI,  S4,  S6,  S8  and  S9  turned  ON  and 
switches  S2,  S3,  S5,  S7,  and  S10  are  turned  OFF.  In  -2Vdc 
switches  SI,  S3,  S6,  S8  and  S9  are  turned  ON  and  switches 

52,  S4,  S5,  S7  and  S10  are  turned  OFF.  In  -3Vdc  switches  SI, 

53,  S5,  S8  and  S9  are  turned  ON  and  switches  S2,  S4,  S6,  S7 
and  S10  are  turned  off.  In  -4Vdc  switches  S2,  S4,  S5,  S8  and 
S9  are  ON  and  SI,  S3,  S6,  S7,  S10  are  OFF.  In  -5Vdc,  SI,  S4, 
S5,  S8  and  S9  are  ON  and  S2,  S3,  S6,  S7,  S10  are  OFF  posi- 
tion. In  -6Vdc,  S2,  S3,  S5,  S8,  S9  are  ON  and  SI,  S4,  S6,  S7, 
and  S 10  are  OFF.  IN  -7Vdc  level  switches  SI,  S3,  S5,  S8,  and 
S9  are  turned  ON  and  S2,S4,  S6,  S7,  and  S10  switches  are 
OFF  position.  Similarly  in  -8,  -9,  -10,  -11,  and  -12  level  can  be 
obtained  by  control  the  switches  based  on  the  table  2. 


Add  these  level  to  obtained  the  twenty  five  level  output.  The 
switching  sequence  for  twenty  five  level  inverter  as  shown  in 
table  2.  Output  wave  form  and  THD  values  as  shown  in  figure 
7 and  8. 


Fig.  6.  Generation  of  Switching  Signal  hy  Using  multi  port 
switch  box 

Table  - 2 

Switching  Sequence  for  25  Level  Invereter 
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Fig.  7.  THD  values  of  Twenty  Five  level  converter 
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Fig.  8 (b).  Output  waveform  of  Twenty  Five  Level  Inverter. 

IV.  RESULT 

The  waveforms  and  FFT  analysis  25  levels  MLI  are  shown  in 
figure. 7,  8.  Compare  this  with  seven  levels  MLI,  the  harmon- 
ics order  reduced  from  22.61  % to  3.81  %.  Therefor  increasing 
the  level  by  using  less  number  of  switches  to  obtain  high 
quality  sinusoidal  wave. 

V.  CONCLUSION 

In  this  paper,  Twenty  Five  level  asymmetric  cascaded  multile- 
vel inverter  is  submitteed.  The  Twent  Five  Level  gives  high 
quality  output  voltage  close  to  sinusoidal  Waves.  It  is  im- 
proved performance  than  the  7 level  Multilevel  inverter,  and 
also  minimize  the  switching  losses.  The  waveforms  and  FFT 
analysis  25  levels  MLI  are  shown  in  figure.7,  8.  Compare  this 
with  seven  levels  MLI,  the  harmonics  order  reduced  from 
22.61  % to  3.81  %.  Therefor  increasing  the  level  by  using  less 
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number  of  switches  to  obtain  high  quality  sinusoidal  wave. 
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